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logical brain sections and cell cultures.
The procedure induded a bistochemical stain specific for microglial cells and an immunocytochemical stain specificfor astroglial cells, with postponement ofthe final visualization ofthe staining products until both reactions had been performed.
First, microglial cells were specifically but invisibly labeled by bistochemical reaction for nudeoside diphosphatase (NDPase). Then the astroglial cells were labeled by performing the first parts ofthe immunocytothemical reaction for glial fibrillary acidic protein (GEkP) . Finally, in a series ofintervening steps, the NDP48e reaction product was visualized and stabilized by treatment with ammonium sulfide and silver nitrate, while the l-naphthol basic dye method was used to visualize the Introduction Ninety years after the first description ofmicroglial cells in the central nervous system (Robertson, 1900 ) their exact function is still not well established.
In the past, microglial cells were regarded as resting scavenger cells, which, in certain circumstances, could react and become phagocytic (Rio Hortega, 1932) . Now, there is increasing evidence that microglial cells, which in the normal adult brain appear as ramified, reactive astroglial cells blue. The two types ofglial cells were dearly distinguishable in vibratome sections ofrat brain thsue and in primary astroglial cell cultures, and we never observed cells that stained for both NDP se and GEkR When the GEAP antibody was replaced by the OX-42 antibody, which recognizes microglial cells and macrophages, double staining ofmicroglial cells was observed. The staining protocol has wide applications in studies of the functional interactions between microglial and astroglial cells in the normal brain and in different pathological states with neuronal or axonal degeneration, just as it ran be used for experimental Again, special care was taken at every step to avoid any drying out of the samples.
Materials and Methods

Preparation of Brain Sections
Double Labeling Technique
Simultaneous demonstration ofmicroglial and astroglial cells was achieved through three sequential steps: (a) incubation for histochemical. 
Histochemical
Reaction for Microglial NDPase.
Incubation for histochemical demonstration
OfNDPaSC activity was carried out as earlier reported (Castellano, 1987) , After transfer to the solution the brain sections were incubated for 5-2 5 mm at 38'C and then rinsed (three times for 10 mm) in cacodylate buffer (pH 7.4). Staining of the astroglial cell cultures was carried out in the same way by adding the incubation medium to the petri dishes after removal of the buffer. Some seetions and cell cultures were immediately treated with ammonium sulfide to visualize the reaction product(see below)and therebycheck the histochemical reaction. Otherwise, the sections and cultures continued to the next step in the procedure, the immunocytochemical reaction forastroglial GFAP. As control for the histochemical reaction, some sections and cultures were incubated in medium lacking the substrate inosine 5'-diphosphate.
Immunocytochemical
Reaction for Astroglial GEAR The brain sections and astroglial cell cultures were washed in 0.05 M Iris-buffered saline (ThS), pH 7.4, with 1% Triton X-100 (three times for 15 mm) and then incubated in 10% fetal calf serum (FCS) for 30 mm at room temperature. The incubation with the primary rabbit anti-GFAP The final steps of the double staining procedure then were as follows: 1-4) and astroglial cells with a blue GFAP immunoreactive staining (Figures  2-4) . In addition, cells lining the blood vessels (endothelial cells and some perivascular cells) also reacted for NDPase ( Figures  1-4) . All NDPase-positive cells in the gray and the white matter of all brain areas examined were negative for GFAP. The NDP-positive microglial cells had an elliptical or elongated irregularly shaped cell body with irregular branching processes, covered with small thorny processes.
In the gray matter the microglial cell processes covered a sphere with an approximate diameter of 70-80 tim. There was no overlap between the spheres from the individual cells, which seemed to exclude neighbors from their territory ( Figure  1 and 2) . Some microglial cell bodies were found in association with blood vessels, but most cells had no apparent relation to blood vessels, although their processes were often found near capillaries.
Astroglial cells, positive for GFAP immunostaining, were located in between the NDPase-reactive microglial processes (Figures  2 and 3) . The GFAP-reactive astroglial processes did not display any particular arrangement with respect to the microglial processes.
The processes ofthe two cell types thus seemed neither to seek contact nor to avoid each other.
Brain sections reacted for both NDPase and OX-42 showed that both stains were localized in the same type of cells. In these seetions all microglia-like cells accordingly displayed both a brown and a blue color in relation to the plasma membrane ( Figure  5 ).
Primary Glial Cell Cultures
In 
Discussion
Technical Considerations
We have described a method for simultaneous demonstration of astroglial and microglial cells, which can be applied to Vibratome sections of brain tissue as well as primary cell cultures. croglial cells and all other immunocytochemically detectable antigens besides GFAP. As an example of this, we combined NDPase staining and OX-42 immunocytochemistry, demonstrating the presence of both of these markers on microglial cells ( Figure 5 ).
Histochemical Demonstration ofNDPase as a Micmglial Marker
The presence of NDPase activity as a specific microglial marker in brain sections requires some comment. This enzyme, which catalyzes the hydrolysis of nucleoside diphosphates as well as of thiamine pyrophosphate (Sano et al., 1988; Barchi and Braun, 1972; Yamazaki and Hayaishi, 1968) , has been demonstrated histochemically in cells with the characteristic morphology ofmicroglial cells (Schnitzer, 1989; Castellano, 1987; Fujimoto et al., 1987; Castellano et al., 1984; Murabe and Sano, 1982a,b; Vorbrodt and Wisniewski, 1982) , but it has also been found in neurons (Vorbrodt and Wisniewski, 1982; Shantaveerapa and Boume, 1965; Goldfisher, 1964) , astrocytes (Castellano et al., 1984; Vorbrodt and Wisniewski, 1982) , and oligodendrocytes (Castellano et xi., 1988 (Castellano et xi., ,1989 Vorbrodt and Wisniewski, 1982 When the NDPase reaction is performed on Vibratome sections and drying ofthe sections is carefully prevented, the NDPase staining is restricted to blood vessels and the plasma membrane of microglial cells. In the present material, consisting of Vibratome-cut brain sections and astroglial cell cultures, NDPase staining of neurons,
astrocytes,
and oligodendrocytes was not observed (Figure 1 ). Performed in this way, the histochemical staining for the NDPase accordingly is a very good and reliable marker for microglial cells.
In agreement with this, sections reacted for both NDPase and the OX-42 antibody showed double staining of all microglia-like cells (Figure 5) . , 1985) . However, the authors were not able to visualize Mac-ipositive microglia-like cells in the brain gray matter. Double staining of human brain tissue for GFAP and EBM/11, which was another monoclonal antibody raised against macrophages (Esiri and McGee, 1986) , revealed that GFAP-positive cells in some cases also showed aweak diffuse reaction forEBM/1i (Woodroofe et al., 1986) .
Provided that this staining is specific, astrocytes may accordingly, under certain circumstances, express macrophage antigen properties, just. as they can exert phagocytotic activity (Sturrock, 1988; Noske et al., 1982; Fulcrand and Privat, 1977) . Transformation of cells of astroglial lineage into macrophage-like cells has, for exampie, been reported in organotypic cultures of spinal cord tissue (Kusaka et al., 1986) . Specific binding of certain lectins has also been used to visualize microglial cells (Kreutzberg et al., 1989; Suzuki et al., 1988; Yamamoto et al., 1988; Streit and Kreutzberg, 1987; Mannoji et al., 1986) and Wood (1989) to verify that the phosphotyrosine immunoreactivity in the brain was specifically confined to microglial cells.
Presence ofMicroglial Cells in Astroglial Cell Cultures
The use of NDPase staining in combination with GFAP immunoreactivity on primary astroglial cell cultures enabled us to identify two types ofNDPase-positive but GFAP-negative cells in these cultures.
From other ongoing studies of mixed brain cell cultures, where the astroglial differentiation with cyclic AMP was omitted, we know that astroglial cells also lack NDPase activity without cydie AMP stimulation.
Based ondifferences in morphology, two types of NDPase positive cells were identified in the astroglial cell cultures. They were ramified microglia ( Figure  6 ) and ameboid microglia ( Figure 7) . In most cultures the ramified cells were more frequent than the ameboid ones. In addition, their localization in relation to the astroglial cells was distinctly different.
The ramified cells were thus located among the astroglial cells, whereas the ameboid microglial cells usually were located on top of the other cells. They were clearly located in a separate focus level when cxamined in the microscope ( Figure  7) . 
